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(7) ABSTRACT

An in-vivo sensing system incorporating a sensing device
movably disposed within a housing such that the orientation
of the sensing device may be moved or changed in response
to substantially small forces. The in-vivo sensing device
may be ingested and may naturally traverse a lumen such as
the GI tract or may be anchored at a surgical site. In a
preferred embodiment, the in vivo sensing system is an
imaging system (100) incorporating a sensing device such as
an imaging device (112) suspended in a liquid (114) encap-
sulated in an covering or housing (110).
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IN-YIVO SENSING SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to the field of in vivo
sensing, for example imaging. Specifically, embodiments of
the present invention relate to wide or moveable field in vivo
imaging or other sensing.

BACKGROUND OF THE INVENTION

[0002] In vivo sensing can be used for non-invasive diag-
nostics. Imaging of body lumens typically involves the use
of remote imaging devices. Typically, these imaging devices
include illuminating capabilities. Certain remote imaging
devices can be fitted with directional activators that allow an
operator of the remote imaging device to direct the imaging
head of the remote imaging device in a particular direction
or towards a particular object. Other imaging devices do not
accommodate directional activators due to constraints in
size, availability of power or the necessity for rigid con-
struction of the remote imaging device.

[0003] Swallowable imaging capsules or other suitable
devices may be inserted into the gastrointestinal (GI) tract
and moved passively through the small intestine by peri-
stalsis while imaging the small intestine. However, passive
movement of objects through larger body lumens, such as,
the stomach or the large intestine may be slow and unpre-
dictable. Furthermore, the device may be trapped in a fold of
the walls of the body lumen. In such a position, an illumi-
nating and imaging device may not have a sufficiently wide
field of image and/or field of illumination to obtain images
suitable for diagnostic purposes. In these cases monitoring
and diagnosing larger body lumens may be not efficient.

[0004] Although, some in vivo sensors move through
body lumens and can be remotely controlled, it is sometimes
desirable to affix or otherwise restrict the movement of a
sensing device in vivo for continuous sensing of an in vivo
site, for example for post surgery monitoring. One drawback
of affixing a sensor such as an imager to an in vivo site is that
the direction of the imager and the orientation of the images
captured may be limited by the orientation of the imager as
it was affixed in vivo. A single, fixed orientation of an in vivo
imager or other sensor may be insufficient to capture data or
images of an entire area of interest of an in vivo lumen.
Similarly, the size of an in vivo area of interest may be
greater than can be imaged by an in vivo imager affixed at
a designated orientation.

[0005] There is therefore a need for an in-vivo imaging
device whose field of view may be changed so as to provide
a wide or otherwise moveable field of view.

SUMMARY OF THE INVENTION

[0006] Embodiments of the present invention disclose an
in vivo sensing system incorporating a sensing device which
may be moved, for example, in a friction-reduced manner. In
one embodiment of the invention the sensing device is
movably disposed within a typically transparent housing or
outer covering such that the orientation of the sensing device
may be easily changed in response to substantially small
forces, for example, gravitational forces, or electromagnetic
torque generating fields, magnetic torque generating fields,
or in response to other suitable mechanical or other stimuli.
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According to one embodiment the sensing system includes
a friction reducing mechanism for reducing friction between
the sensing device’s outer surface and the in vivo housing’s
internal surface. For example, in one embodiment the sens-
ing device is an imaging device is suspended within a liquid
encapsulated within a housing or outer covering or shell. A
small external actuation exerted on the imaging device, for
example, may thereby be sufficient to alter the orientation of
the imaging device thereby changing its line of sight or to
permit the rotation of the imaging device within the housing.
The field of view that can be captured by the imaging device
may be widened. In one embodiment the external actuation
may orient the optical axis to any desired direction. Other
friction reducing devices, such as bearings may be used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention will be understood and
appreciated more fully from the following detailed descrip-
tion taken in conjunction with the drawings in which:

[0008] FIGS. 1A and 1B are simplified conceptual illus-
trations of an imaging system incorporating an imaging
device suspended in a liquid and encapsulated by a housing
constructed and operative in accordance with an embodi-
ment of the present invention,

[0009] FIG. 2 is a schematic illustration of an imaging
system according to another embodiment of the present
invention;

[0010] FIGS. 3A and 3B are schematic illustrations of an
imaging system incorporating a moveable imaging device
according to other embodiments of the present invention;

[0011] FIG. 4 is a schematic illustration of an in vivo
imaging system incorporating an imaging device moveably
suspended within a housing capable of altering an opera-
tional mode in response to a magnetic field, in accordance
with an embodiment of the invention;

[0012] FIG. 5 is a schematic illustration of an in vivo field
of view afforded by an imaging system according to an
embodiment of the invention;

[0013] FIG. 6 is a schematic illustration of an in vivo
imaging system incorporating an imaging device moveably
suspended within an anchorable housing capable of receiv-
ing power from an external energy source, in accordance
with an embodiment of the present invention;

[0014] FIGS. 7A, 7B, and 7C are schematic illustrations
of anchorable housings incorporating a moveably suspended
imaging device according to embodiments of the present
invention; and

[0015] FIG. 8 is a flow chart exemplifying a method for
imaging an in vivo site according to one embodiment of the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0016] In the following description, various aspects of the
present invention will be described. For purposes of expla-
nation, specific configurations and details are set forth in
order to provide a thorough understanding of the present
invention. However, it will also be apparent to one skilled in
the art that the present invention may be practiced without
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the specific details presented herein. Furthermore, well-
known features may be omitted or simplified in order not to
obscure the present invention.

[0017] Reference is made to FIG. 1A which is a simplified
conceptual illustration of a sensing system such as an
imaging system 100 incorporating a sensing device such as
an imaging device 112 suspended in a liquid 114 encapsu-
lated within an outer covering housing 110 constructed and
operative in accordance with an embodiment of the inven-
tion. The housing 110 may be, for example, spherical, ovoid,
or any other suitable shape; the housing 110 may be partially
deformable. The imaging device 112 may likewise be
spherical, ovoid, cylindrical or any other shape movable
within the housing 110. The imaging device 112 typically
includes at least one imaging sensor 116. In FIG. 1A the
imaging device 112 is spherical and includes two imaging
sensors 116, each including, for example a lens 122 and a
lens holder 120, which may be situated at diametrically
opposed sides of the imaging device 112, as well as one or
more (e.g., a pair) illumination sources 118 which illuminate
the areas to be imaged by each of the imaging sensors 116.
Other positions for image sensors may be used. More than
one illumination source per imager may be used. The system
100 may be inserted into a body lumen for in vivo imaging.
In one embodiment of the system 100 may include another
sensor 125, e.g. blood detection sensor, pH sensor, electrical
impedance sensor, pressure sensor, and temperature sensor,
etc. According to one embodiment the system 100 is a
swallowable device. In body lumens such as the stomach or
large intestine one imager may be suitable for imaging
objects at a distance of about 50-60 mm from the image
sensor while another imager may be suitable for imaging
objects at a distance of about 0-15 mm from the image
sensor. The distance at which the imager images objects may
be designated by defining parameters such as light intensity,
exposure time or video signal gain. Other suitable param-
eters may be used as well. Increasing the light intensity,
exposure time, or video signal gain may serve to image
objects positioned at a further distance. Decreasing light
intensity, exposure time, or video signal gain may serve to
image objects at a closer distance. Other configurations of
sensing device and imaging sensors may be used, such as for
example, two imaging sensors 116 configured at, for
example, right angles to each other, an imaging sensor 116
and a pH sensor, an imaging sensor and a blood detection
sensor, temperature sensor etc. Other suitable outer cover-
ings or housings may be used.

[0018] Preferably, each of the housing 110 and the liquid
114 are partially transparent or substantially transparent
relative to the wavelength or wavelengths of the light used
by the imaging sensor 116 or by the illumination source 118
to illuminate the area to be imaged. That the liquid 114 may
have a diffraction coefficient that is similar to the diffraction
coefficient of the housing 110 in order to minimize diffrac-
tion of the light reaching the imaging sensors 116. The liquid
114 may be of various suitable viscosities. According to one
embodiment, the imaging device 112 has a specific gravity
that is substantially equal to or smaller than the specific
gravity of the liquid 114 so that the imaging device 112 is
movably buoyant, and floats within the liquid 114. Accord-
ing to one embodiment, the weight of the imaging device
112 is evenly distributed along its length (L) and its height
(H), or other suitable sets of axes, so that gravity does not
favor a particular orientation of the imaging device 112
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within the liquid 114. The weight may be evenly distributed
along one or more axes, but not along others. Examples of
suitable liquids 114 include, inter alia, water, saline solution,
oil, glycerin, and bodily fluids. Other suitable liquids may be
used.

[0019] An in vivo imaging system, according to one
embodiment of the invention may be designed to image a
patient’s gastrointestinal (GI) tract. The imaging system
may be ingested or otherwise inserted into the GI tract (such
as by an endoscope) and may then be moved through the GI
tract by, for example, the natural action of peristalsis. In
another embodiment the imaging system may be positioned
in other areas of the body (such as by a catheter, or by
surgery, etc.), including the heart, blood vessels, lungs,
urogenital system, etc. The imaging device 112 may include
components and operate similarly to the imaging systems
described in U.S. Pat. No. 5,604,531 to Iddan, et al., WO
01/65995 and/or WO 02/054932, each assigned to the com-
mon assignee of the present application and each hereby
incorporated by reference. Furthermore, a reception, pro-
cessing and review system may be used, such as in accor-
dance with embodiments of U.S. Pat. No. 5,604,531 to
Iddan, et al., WO 01/65995 and/or WO 02/054932, although
other suitable reception, processing and review systems may
be used. An imaging device that may transverse a patient’s
GI tract periodically imaging the GI tract may be, for
example, an in vivo video camera system, typically com-
prising at least one illumination source 118, such as light
emitting diodes (LEDs) for illuminating an in vivo site, one
or more batteries 124, at least one image sensor 116, such as
a charge coupled device (CCD) or a complementary metal
oxide semiconductor (CMOS) image sensor, and an optical
system, typically including lenses 122 and/or mirrors (not
shown) for imaging an in vivo site on to the at least one
image sensor. Optionally, the imaging device may include a
transmitter 126, such as for example a wireless transmitter,
and an antenna 128, for transmitting image data to an
external receiving unit (not shown). The transmitter 126 for
example may transmit image signals to the external receiv-
ing unit so that images may be reviewed for example
on-line. Other suitable review methods may be used as well.
In other embodiments, the imaging device 112 may include
different components or other combination of components,
and may have other weight ratios or buoyancies. In one
embodiment of the invention one or more sensors including
blood detection sensors, pH sensors, temperature sensors,
electrical impedance sensors, etc, may be incorporated in the
system.

[0020] In an exemplary embodiment of the present inven-
tion, a slight external force or torque exerted on the imaging
device 112 or the force of a small change in the directional
flow of the liquid 114 may cause a change in the orientation
of the imaging device 112 and thereby change its line of
sight and/or cause the rotation of the imaging device within
the housing and thereby widen the field of view. Such a
change in the orientation of the imaging device 112 is
depicted in FIG. 1B which shows a housing 110 and
encapsulated liquid 114 in which is floating an imaging
device 112 whose orientation has changed (for example, in
relation to the embodiment illustrated in FIG. 1A). Prefer-
ably, the imaging device 112 is sufficiently buoyant within
the liquid 114 that it can rotate freely within the housing 110.
In such embodiment, the change in the orientation of the
imaging device 112 may be caused by an external force on
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the imaging device 112 or a change in the directional flow
of the liquid 114. Such change in the orientation of the
imaging device 112 may permit the capturing of images
from various vantage points and directions (as further illus-
trated, for example, in FIG. 5) and the widening of the field
of view of the imaging device within a body lumen, e.g., the
GI tract. On-line viewing of, for example, the transmitted
images to the external receiving unit may provide feedback
for positioning the imaging device to a desired orientation.
Other suitable methods may be used as well for properly
orienting the imaging device.

[0021] In further embodiments, the imaging device 112
may be weighted or arranged so that it holds substantially
one orientation during, for example, its traverse of the GI
tract, or tends to return to such orientation when moved from
that orientation. For example, the imaging device 112 may
be weighted so that, when suspended within the housing
110, it attempts to keep a certain orientation. In one embodi-
ment one or more ballast weights 136 may be incorporated
in the imaging device 112 for the purpose of keeping the
imaging device at a specific orientation. The ballast weight
may be in the form of a block, ring, or any other suitable
shape. In other embodiments, specific weighting devices
need not be used, and the device as a whole may include a
weight distribution allowing for a specific orientation to be
kept. In one embodiment of the invention, the imaging
device 112 may tend to assume a position that faces, for
example, down, up, to the side, or at some angle with respect
to the direction of gravity. The line of sight of the imaging
device may be altered for example by changing the orien-
tation of the patient’s body of which the device is incorpo-
rated so as to change the line of gravity with respect to the
imaging device. For example, the patient may be asked to
lay down on his back or stomach, or alternatively recline at
specified or different angles. In one embodiment of the
invention, the ballast weight may be positioned so that at
least one imaging device always faces up in the opposite
direction of gravity. Other suitable orientations may be used.

[0022] The housing 110 may be configured for insertion in
vivo, for example, for being swallowed or otherwise placed
in the GI tract, or for being inserted into other body lumens
such as the urogenital system, the lungs, heart, blood ves-
sels, etc. The housing 110 may be manufactured from any
material suitable for being inserted in vivo, such as, for
example, plastic or glass. Typically, the housing 110 is
substantially transparent relative to the wavelength or wave-
lengths used for imaging or of the illumination.

[0023] The liquid 114 may be present in the housing 110
at the time that the housing 110 is inserted in vivo. Alter-
natively, and in certain embodiments of the present inven-
tion, the housing 110 may be formed from a collapsible
material, which may expand and assume a pre-designated
shape when exposed to certain moisture, acidity or other
environmental conditions. In one embodiment of the inven-
tion, for example, a material forming the housing 110 may,
at the time that it is introduced in vivo, be collapsed into a
small size and volume and encapsulated in a hydrocarbon
casing such as, for example, a gelatin capsule or other
structure. The hydrocarbon casing may dissolve in the acidic
environment, for example of the stomach, thereby freeing
the material, which forms the housing 110 to assume a larger
volume and pre-designated shape. In this way, the dimen-
sions of the housing 110 may be small when swallowed and
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then may expand and assume a spherical or other shape
when exposed to a designated environmental condition in
the GI tract. Such material forming the housing is preferably,
in one embodiment comprised of selectively porous sub-
stances to permit liquid 114 in the GI tract, such as water,
saline or any other liquid present or introduced to the GI
tract, to percolate or diffuse into the housing 110 during or
after the expansion of the housing 110 into its larger volume
or pre-designated shape. Examples of such selectively
porous materials could include known permeable or semi-
permeable membranes. For example, a suitable plastic can
be used. For example, water introduced into the GI tract may
percolate through the selectively porous material of the
housing 110. The selectively porous material may then
expand, or unfold and increase the volume of the housing
110 to a larger size or pre-designated shape. According to
other embodiments the housing may be made of a suitable
rubber. Other suitable materials may be used.

[0024] In another embodiment of the present invention
depicted in FIG. 2 there are included a housing or other
suitable outer covering or encapsulation 222 encasing an
imaging device 224 fitted with a mechanism including at
least two friction reducing elements or bearings, such as,
ball bearings 226 or other bearings. The housing 222 may
either include or not include an encapsulated liquid. The
shape of the housing 222 may be, for example, spherical,
ovoid, or any other suitable shape; the housing may be
partially deformable. The imaging device 224 may include
at least one image sensor 221 and at least one illumination
source 225. The various components may be positioned
behind an optical window 223 and may further comprise
elements as described above. According to one embodiment
the image sensor 221 is at an essentially non-parallel ori-
entation in relation to the longitudinal axis of the device 224.
The imaging device 224 may rest on or be attached to a
mechanism including at least two friction-reducing ball
bearings 226 so that the imaging device 224 moves rela-
tively freely within the housing. The friction-reducing ball
bearings 226 may be attached to the imaging device 224 by
way of, for example, a spring 228 that may keep the friction
reducing ball bearing 226 in contact with the internal surface
of the transparent housing 222. Other suitable methods of
mounting an imaging device using ball bearings or other
bearings may be used; for example methods not using
springs. Contact between the friction-reducing ball bearings
226 and the internal surface of the housing 222 preferably
limits direct contact between the imaging device 224 and the
internal surface of the housing 222 such that the imaging
device 224 can move freely and possibly rotate within the
housing. The image sensor 221 of the imaging device 224
may be situated away from the friction-reducing ball bearing
226 so that its view is not impaired by the placement of the
friction-reducing roller bearing 226. In alternate embodi-
ments of the present invention, the housing 222 and the
image device 224 may have other shapes.

[0025] Imaging systems according to other embodiments
of the invention are illustrated in FIGS. 3A and 3B. Imaging
device 336 in FIG. 3A is disposed within a housing 330 and
typically liquid 314 is disposed in between the housing and
imaging device, such as described herein. The imaging
device 336 may includes a directional activator such as a
magnet 334. The device may include an imaging device such
as an optical transducer (e.g., a CMOS 338, a charge couple
device (CCD) or other suitable devices), a lens or lens
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system 340 mounted on a lens holder 332 which may fix the
lens 340 in a fixed position relative to the CMOS 338. An
illumination portion of the optical head assembly may have
one or more light emitting diodes (LED) 344. In alternate
embodiments, other illumination sources may be used. In yet
further embodiments, the illuminating and/or the imaging
portion may be integrated with or in close vicinity to the
surface of the imaging device 336. The device may contain
other elements, such as batteries 346 which may be, for
example electrically connected to circuit board 345 with
springs 352 and 353, and controller or processor 350. For
example, the processor 350 may include an application
specific integrated circuit (ASIC) having transmitting capa-
bilities, for example, operating on a minimum shift keying
(MSK) modulation system to effect transmitting of digital
signals through one or more antennas 348 on radio frequen-
cies to a receiving system (not shown). One or more
antennas 348 may be coiled around circuit board 345, for
example, as is shown in FIG. 3A or may be embedded on
a circuit board 397 (e.g., as in FIG. 4). Other suitable
positioning of an antenna may be applied as well. The
processor may also control the illumination and imager, for
example as described in the above mentioned WO 01/65995.
In alternate embodiments, other signals and other electronic
and processing components may be used. Other components
and configurations of components are possible.

[0026] According to an embodiment of the invention an
external magnetic field or force (not shown), which may be
time-varied, may be created in the vicinity of a body in
which a system, such as the system described in FIG. 3A,
is disposed. The magnetic field or force may typically be
used to rotate or otherwise maneuver the magnet 334. The
magnetic field may be created, for example, by a stationary
or mobile portable power source, which is placed in prox-
imity to the patient’s body, typically generating an electro-
magnetic field that substantially surrounds the patient’s
body. The strength and the direction of the generated mag-
netic field may be altered to move the imaging device in
different directions. In other embodiments, the field need
only surround the relevant portion of the patient, for
example the abdomen. In another embodiment the magnetic
field may be created with electrodes or coils placed on the
housing 330 encapsulating the system. The magnetic field
may be externally controlled or preset.

[0027] A magnetic field can be generated continuously or
when necessary. The power source may include an AC
induction coil, e.g., a low frequency AC induction coil
(about 60 Hz or other suitable rates) or may have a rotating
magnetic circuit to generate a varying magnetic field. In
order to achieve higher efficiency of the energy transmission
it may be desirable to operate in a relatively high frequency
range. However, due to high attenuation of the body tissues
at high frequencies—the practical frequency range may be
from several tens of Hz to several tens of KHz. The magnet
334 typically moves in accordance with the direction of the
applied magnetic field. The movement of the magnet 334
may cause the whole imaging device 336 to move within the
housing 330. Thus, according to an embodiment of the
invention, an imaging device may be controlled to move,
typically around its axis, so as to obtain a larger view of
imaging. On line viewing of the transmitted images may
provide proper feedback on the orientation and field of view
of the imaging device. Other suitable means of tracking the
line of sight of the imaging device may be used.
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[0028] Similarly, the system 3000 that is illustrated in
FIG. 3B, includes an oblong device within an oblong
container, such as a capsule or an almost capsule shaped, or
oblong and/or ovoid shaped, imaging device 3330 disposed
within an almost capsule shaped, or oblong and/or ovoid
shaped, housing 3331. The imaging device 3330 may have
at least two magnets 3334 and 3335, cach magnet positioned
differently, such as at a different side of the imaging device
3330. By applying a magnetic field from different sides of or
directions relative to the system 3000 (or a patient with a
system 3000) the imaging device 3330 may be made to
move to certain (e.g., two) sides, essentially moving about
its axis to enable a wide view to an imager (not shown)
within the imaging device 3330.

[0029] Reference is now made to FIG. 4, which is a
simplified illustration of a system including an imaging
device suspended within a housing or encapsulation capable
of altering an operational mode in response to a magnetic
field, in accordance with an embodiment of the present
invention. In certain embodiments, a magnetic switch 399
may be configured to control at least one electrical compo-
nent of imaging device. The magnetic switch 399 may be
configured between portions of the electrical circuitry of
imaging device 336, such that when magnetic switch 399 is
open, some or all components of imaging device 336 are
powered off or on. Magnetic switch 399 may be constructed
of a magnet or materials responsive to magnetic forces such
that it may be moved upon exposure of imaging device 336
to a magnetic field. Alternately, other suitable control cir-
cuits may be used.

[0030] In certain embodiments, magnetic switch 399 may,
for example, be situated so as to provide a connection
between one or more batteries 346 or other suitable power
sources and circuit board 397 of imaging device 336, such
that when magnetic switch 399 is in an off position, the
power supply to imaging device 336 is off, and when
magnetic switch 399 is in an on position, imaging device
336 is powered on. In other embodiments, magnetic switch
399 may connect other components of imaging device 336
to turn imaging device 336 on or off, to activate or deactivate
other functions of imaging device 336, or to otherwise
change an operation mode of imaging device 336.

[0031] In certain embodiments, magnetic switch 399 may
be configured to retain a position to which it is moved even
after a magnetic field has been removed. In other embodi-
ments, magnetic switch 399 may be, for example, hinged
with a spring such that magnetic switch 399 resumes its prior
position after a magnetic field has been removed. In a resting
state, magnetic switch 399 can be set in an off position such
that when imaging device 336 is exposed to a magnetic field,
magnetic switch 399 moves into an on position, and acti-
vates imaging device 336. Alternatively, magnetic switch
399 can be set to an on position and turned off upon exposure
to a magnetic field. Other settings are possible, and other
suitable switch configurations are possible.

[0032] In certain embodiments one or more magnetic
switches 399 with varying resistances to magnetic forces
may be included in an imaging device 336 to, for example,
control settings of an imaging device 336 in accordance with
the strength or other characteristics of the magnetic field to
which imaging device 336 is exposed. For example, a series
of magnetic switches 399, secured by, for example, hinges
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with a different resistances may connect components of the
imaging device 336. Alternatively, a single magnetic switch
399 with various settings, each with a particular resistance,
may be used. For example, when imaging device 336 is
exposed to a weak magnetic field, a magnetic switch 399
may change positions initiating a particular action by imag-
ing device 336, such as for example, capturing images at a
rate of, for example, one frame per second. When imaging
device 336 is exposed to a stronger magnetic field, a
different magnetic switch with a stronger resistance may be
activated initiating another action, such as for example,
capturing images at a rate of, for example, two frames per
second. Other suitable mode changes and other suitable
frame rates may be used. Alternatively, the same magnetic
switch 399 may be moved into successive settings with
increases in the strength of a magpetic field to which it is
exposed.

[0033] As schematically illustrated in FIG. 5, a system
400 including an imaging device, according to embodiments
of the invention, which may be situated in a patient’s
stomach 410, may be moved so as to enable the imaging
device (not shown) a wide-angle view (as demonstrated by
the arrows 421). With other configurations and in other
environments, other ranges of view are possible.

[0034] Reference is made to FIG. 6, which is a simplified
illustration of a sensing device such as an imaging device
336 suspended within an anchorable housing 330 capable of
receiving power from an external energy source, in accor-
dance with an embodiment of the present invention. Energy
receiving unit 502 may include an element 503, for example
a conductive coil, configured for receiving energy from an
external energy source, a rectifier circuit 504 for converting
AC voltage to DC voltage and a capacitor 506. A capacitor
506 ranging from several mili-Farads to a few hundred
mili-Farads may be used (other suitable ranges may be used)
or alternatively, a chargeable battery (not shown) may be
used for storage of the voltage required for operation of the
electrical components of the housing 336. For example, a
capacitor of about 10 Farad and 5 m Watt may be suitable for
use in one embodiment of the present invention.

[0035] In one embodiment of the invention, imaging sys-
tem 301 may be inserted into an in vivo area, such as for
example in the vicinity of the surgical site 331. A surgeon
may affix housing 330 by way of, for example, clasps 354.
Constituents such as fasteners, glue, thread or fiber attached
to housing 330 with one or more rings or indentations, or any
other suitable attachments may be used. In certain embodi-
ments, imaging device 336 may remain in vivo and capture
and transmit images or other data of the surgical site 331.
Energy-receiving unit 502 may receive a charge from an
external energy source (not shown), for example a transcu-
taneous charge, on a continuous, periodic or occasional basis
to provide power to the imaging device 336. In certain
embodiments, a three axial coil may be used to ensure that
energy may be produced from a unidirectional magnetic
field regardless of the directionality of the energy-receiving
unit 502. In certain embodiments it may be possible to
provide power to the imaging device 336 on a continuous,
occasional or periodic basis such that imaging device 336
captures images on a continuous, periodic or occasional
period of days, weeks or longer. In other embodiments,
imaging device 336 may be powered-on by way of, for
example, a transcutaneous charge from an external energy
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source, at such times as a user or medical practitioner desires
to capture images of the in vivo site.

[0036] The function and operation of energy receiving unit
502 may be, for example similar to those described in certain
embodiments of U.S. patent application Ser. No. 10/115,
585, published as U.S. 2002/0165592 Al, which is assigned
to the common assignee of the present invention and which
is hereby incorporated by reference; however, other suitable
energy transmission and reception systems and methods
may be used.

[0037] FIG. 7A schematically illustrates a front view of
an imaging system 302 according to an embodiment of the
invention with an attachment mechanism including, for
example, one or more (in the example shown two) rings 130
on its perimeter. Rings 130 may be fit into depressions in the
housing body 134 perimeter so that they do not protrude
from the housing 330 perimeter and do not obstruct the
housing’s passage through the GI tract; however, the rings
130 may be in other configurations. Rings 130 may be used
for sewing or otherwise attaching the housing 330 to, or
otherwise restricting the movement to, a desired location in
vivo, for example in the vicinity of a surgical site in the GI
tract. Devices according to embodiments of the present
invention may be used in other body lumens. Following a
surgical operation, for an example, in the GI tract, a surgeon
may place imaging system 302 at a location in the vicinity
of the surgical site. The surgeon may affix housing 330 in
place by sewing a suture through rings 130 and through the
tissue at the site, such as for example, the walls of a body
lumen. The housing 330 may thus be fastened to the tissue.
It should be appreciated that one or more rings 130 can be
used in the invention, depending, inter alia, on the shape of
the housing 330 and the contours of the in vivo site. Imaging
system 302 may remain affixed to the in vivo site, and may
capture images thereof from varying orientations as are
assumed through the movements of imaging device 336
within housing 330, according to embodiments of the inven-
tion. In some embodiments, images captured by imaging
device 336 may be transmitted to an external receiving,
processing, viewing and/or monitoring station (not shown)
that may receive and display such images. In alternate
embodiments, data other than image data may be collected.

[0038] FIG. 7B schematically illustrates a front view of an
imaging system 303, having an attachment mechanism
including, for example, an indentation 232 that may circle or
surround, either in part or in whole, the housing’s 330
perimeter. Such indentation may be more or less around the
center of the housing 330 body or may be situated elsewhere
on the housing 330. Indentation 232 may form a groove
suitable for accommodating a fiber or thread 230 such as for
example an operating doctor’s thread. The housing 330 may
thus be fastened to the surgical site by thread 230 which
surrounds or otherwise holds the housing 330 and which is
anchored onto the patient’s body. Other shapes of grooves or
indentations may be used and other areas on the housing 330
may be used for affixing thread 230 to a body. Typically,
thread 230 used for suturing the housing 330 to a surgical
site in vivo is thread, which may disintegrate with time.
Other types of thread may be used. Thus, a doctor perform-
ing an operation in the gastrointestinal tract may activate the
system 303 (e.g., initiate imaging or other sensing) in
housing 330 and sew in or otherwise attach housing 330 at
the operation site, such as for example, in the gastrointes-
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tinal tract prior to closing the surgical incision. Other in vivo
sites may be sensed, and sensing may include sensing other
than imaging, such as sensing pH, temperature, pressure,
electrical impedance, etc. The sensing (such as imaging),
which may be continuous or periodic, may last through a
critical post surgical period. In certain embodiments such as
for example those described above, imaging device 336 may
be turned on or off to image the in vivo site at varying or
designated times. During this time or when the imaging
device 336 is on, the surgical site may be imaged or other
data may be collected, and the images or data may be
transmitted to a receiving system, such as an external
workstation (not shown), where the images or data may be
monitored by an external operator.

[0039] FIG. 7C illustrates an imaging system 304 which
includes an attachment mechanism including, for example,
a niche 131 to receive an anchor 132 into housing 330.
Anchor 132 may include, for example, fasteners 138.
Anchor 132 typically extends from the housing 330, and
fasteners 138, may grasp an internal body tissue. Fasteners
138 may hold on to a section of internal body tissue by, for
example, slightly piercing or pinching the tissue, through
suction or by other suitable methods or systems. Other
suitable number and type of fasteners 138 such as for
example, pins, screws, suction cups, or clasps may be used.
In certain embodiments, fasteners 138 may be directly
attached to housing 330. Fasteners 138 may in certain
embodiments be made of materials that disintegrate over
time in a body, such that housing 330 may be released into,
for example the gastrointestinal tract, where it may be driven
by peristalsis and naturally excreted from the body. Such a
release may obviate the need to manually remove the
housing from a patient.

[0040] At some point in time, for example, during the
imaging process or after its termination, the sutures sewn
through rings 130 or around housing 330 in indentation 232,
or fasteners 138 which have been immobilizing or otherwise
attaching the imaging system 304 to the surgical site, may
disintegrate, and imaging system 304 may be released into
the gastrointestinal tract. Imaging system 304 may be free to
travel through the GI tract, for example, driven by peristalsis
and may naturally be excreted from the body. Embodiments
of the system and method of the invention may thus enable
post surgical monitoring or data collection in the gastrointes-
tinal tract or another in vivo sites without having to leave an
opening in the patient’s body or without having to operate on
the patient a second time in order to retrieve the monitoring
system. In other embodiments an imaging system compris-
ing an imaging device 336, as described above, may be
designed for surgical sites other than the GI tract, such as the
lungs, heart, blood vessels, reproductive tract or urogenital
system. In certain embodiments a housing 330, may include,
for example, one or more fasteners 138 for immobilizing the
housing 330 to a site of interest at the time of surgery and
for being later removed, for example, through an incision or
through a transthoracic, transesophageal opening, or any
other suitable opening.

[0041] According to one embodiment of the invention,
there is provided a method for imaging an in vivo site.
According to one embodiment the method includes the step
of enabling an in vivo sensing device to be moved in a
friction-reduced manner. In other embodiments, providing a
system allowing friction reduced movement need not be
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used. According to one embodiment the in vivo sensing
device is disposed within a housing. An external force may
be applied to initiate a movement of the sensing device.
FIG. 8 shows a flow chart describing a method for imaging
an in vivo site according to one embodiment of the inven-
tion. In block 810 an imaging system which may include a
structure enabling a sensing device disposed within a hous-
ing to be moved in a friction-reduced manner is ingested.
Other methods of introducing an imaging system may be
used as well for example by positioning the imaging system
with a catheter, needle and/or endoscope. An imaging sys-
tem such as in embodiments shown herein may be used,
other embodiments of the method may use other suitable
systems. Images from the in vivo imaging system may be
transmitted externally (820), for example to a suitable
receiving system, and a health professional may review the
transmitted images (840). According to some embodiments
images may be stored (830), for example, in an external
recording device; such storage may be, for example, before
or concurrent with viewing. Based on the images reviewed
or any other suitable parameter, the health professional may
adjust the line of sight of the imaging device incorporated in
the system. In block 850, if a magnetic control ability is
included within the device, the method may proceed to one
or both blocks 860 and 870, and if not, the method may
proceed to block 880; other sequences are of course pos-
sible, not including blocks such as 860, 870 and 880. In other
embodiments, magnetic control may be used for other
control functions, and other methods of control may be used.
In one embodiment of the invention a magnet may be
included in the imaging system as described above and a
magnetic field may be applied (860) to, for example, adjust
the line of view. In a further embodiment, other parameters
of the imaging system may also be adjusted by, for example,
applying an appropriate magnetic field (870), for example,
as is described in FIG. 4. In another embodiment of the
invention, a ballast weight may be included in the imaging
device. In block 880, if ballast weight control capability is
included, the method proceeds to block 890; if not, other
control may be used. In some embodiments, no active
control may be used. If a ballast weight is used, in one
embodiment, the ballast weight may lean toward the line of
gravity. As such, the line of sight of the imager may be
adjusted by, for example, repositioning the patient (890). A
patient who has been repositioned from, for example, stand-
ing erect to lying flat on his back my change the line of sight
of the imager by, for example, 90 degrees. Other steps or
series of steps may be used. The friction reducing mecha-
nism included in the imaging system and described above
may allow the imaging device to alter its line of sight with
minimal lag and with a small externally applied forces.

[0042] While the present invention has been described
with reference to one or more specific embodiments, the
description is intended to be illustrative as a whole and is not
to be construed as limiting the invention to the embodiments
shown. It is appreciated that various modifications may
occur to those skilled in the art that, while not specifically
shown herein, are nevertheless within the true spirit and
scope of the invention.

1. An in vivo sensing system comprising:
a housing;

at least one sensing device; and



US 2006/0004255 Al

at least one friction reducing mechanism.

2. The in vivo imaging system according to claim 1
wherein the housing includes a material selected from a
group consisting of: glass, plastic, and rubber.

3. The in vivo sensing system according to claim 1
wherein the housing has a shape selected from a group
consisting of: spherical shape, capsule shape, and ovoid
shape.

4. The in vivo sensing system according to claim 1
wherein the housing is collapsible.

5. The in vivo sensing system according to claim 4
wherein the housing includes at least a semi-permeable
membrane.

6. The in vivo sensing system according to claim 1
comprising a hydrocarbon casing.

7. The in vivo sensing system according to claim 1
wherein the housing is at least partially transparent.

8. The in vivo sensing system according to claim 1
wherein the housing comprises at least one attachment
mechanism.

9. The in vivo sensing system according to claim 8
wherein the attachment mechanism comprises at least one
constituent selected from the group consisting of: glue,
rings, indentations, grooves, fasteners, niche, anchors, suc-
tion cups, and clasps.

10. The in vivo sensing system according to claim 1
wherein the sensing device has a shape selected from a
group consisting of: spherical shape, capsule shape, and
ovoid shape.

11. The in vivo sensing system according to claim 1
wherein the sensing device has a weight that is evenly
distributed along a horizontal and a vertical axis of the
sensing device.

12. The in vivo sensing system according to claim 1
comprising at least one ballast weight.

13. The in vivo sensing system according to claim 1
comprising at least one directional activator.

14. The in vivo sensing system according to claim 13
wherein the directional activator comprises at least one
magnet.

15. The in vivo imaging system according to claim 1
wherein the at least one imaging device comprises a mag-
netic switch configured for controlling at least one electrical
component of the sensing device.

16. (canceled)

17. (canceled)

18. The in vivo sensing system according to claim 1
comprising at least one sensor selected from the group
including: image sensor, blood detection sensor, pH sensor,
electrical impedance sensor, pressure sensor, and tempera-
ture sensor.

19. (canceled)

20. (canceled)

21. (canceled)

22. (canceled)

23. (canceled)

24. The in vivo sensing system according to claim 1
wherein the friction-reducing mechanism includes a liquid.

25. The in vivo sensing system according to claim 24
wherein the liquid is selected from a group consisting of:
water; saline solution; oil, glycerin, and bodily fluid.

26. The in vivo sensing system according to claim 24
wherein the sensing device has a specific gravity that does
not substantially exceed the specific gravity of the liquid.
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27. The in vivo sensing system according to claim 24
wherein the liquid is introduced into the housing in vivo.

28. The in vivo sensing system according to claim 24
wherein the liquid has a diffraction coefficient substantially
similar to a diffraction coefficient of the housing.

29. The in vivo sensing system according to claim 24
wherein the liquid is at least partially transparent.

30. The in vivo sensing system according to claim 1
wherein the sensing device comprises an imaging device.

31. (canceled)

32. An in vivo imaging system comprising an outer
covering; an image sensor; and a liquid disposed between
the outer covering and the sensor.

33. The in vivo imaging system according to claim 32
wherein the housing comprises at least one attachment
mechanism selected from the group consisting of: glue,
rings, indentations, grooves, fasteners, niche, anchors, suc-
tion cups, and clasps.

34. (canceled)

35. The in vivo imaging system according to claim 32
comprising at least one directional activator.

36. The in vivo imaging system according to claim 35
wherein the at least one directional activator comprises a
magnet.

37. (canceled)

38. The in vivo imaging system according to claim 32
further comprising at least one sensor.

39. The in vivo imaging system according to claim 38
wherein the at least one sensor is selected from the group
including: blood detection sensor, pH sensor, electrical
impedance sensor, pressure sensor, and temperature sensor.

40. The in vivo imaging system according to claim 32
comprising a transmitter.

41. (canceled)

42. (canceled)

43. A method for sensing an in vivo site comprising the
steps of:

enabling an in vivo sensing device disposed within a
housing to be moved in a friction-reduced manner.
44. The method according to claim 43 comprising the step
of:

applying an external force to the in vivo sensing device.

45. The method according to claim 44 wherein the exter-
nal force is selected from a group including: electromagnetic
force torque generating fields, magnetic torque generating
fields, and gravitational force.

46. The method according to claim 45 wherein applying
an external force includes repositioning a patient.

47. The method according to claim 4.3 further comprising
the step of:

transmitting data from the in vivo sensing device.
48. The method according to claim 43 comprising the
steps of:

reviewing transmitted data; and

applying an external force to change the direction of the
sensing device based on the reviewed transmitted data.
49. (canceled)
50. The method according to claim 43 wherein the in vivo
sensing device is an imaging device.
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